Introduction
IInjuries remain the leading cause of death for children. There have been significant developments in the scientific rigour applied to studying the epidemiology and prevention of injury, including the establishment of a new journal, Injury Prevention, in 1995. Experts in paediatrics and child health have played a major leadership role in research and practice relating to injury prevention. This article focuses on the prevention of injuries related to four common outdoor activities; bicycling, snowboarding and skiing, playground activity and walking. These were chosen due to the current interest in promoting children's healthy active living and because of the rigour with which these topics have been studied.
Prevention of bicycle-related injury
It has been estimated that bicycle-related injuries in children result in emergency visits and hospitalizations at an annual rate of 66 per 100 000 and 13 per 100 000 respectively, and nearly $ 200 million inpatient charges [1, 2] .
The effectiveness of bicycle helmets has been assessed in a Cochrane Systematic Review of five case-control studies from Australia, the UK and US [3] . Helmets were found to decrease the risk of head and brain injury by 65 to 88% and facial injury to the upper and mid face by 65%, are effective for cyclists of all ages and provide protection for all types of crashes whether or not a motor vehicle is involved. A meta-analysis of 16 Purpose of review Injuries remain the leading cause of death for children. Experts in paediatrics and child health have a current interest in promoting children's healthy active living. This review highlights findings from recent literature regarding the prevention of injuries from four common outdoor activities: bicycling, snowboarding and skiing, walking and playground activity.
Recent findings
There is sound evidence for the effectiveness of bicycle helmets, the promotion of bicycle helmets at a community level and through physician counselling, and legislation; for the effectiveness of helmets for skiing and snowboarding; for the effectiveness of implementing playground safety standards; and for the effectiveness of modifications to the pedestrian physical environment.
Summary
The science of injury prevention has advanced considerably. The highest level of evidence, including systematic reviews, is now available regarding the effectiveness of protective measures, engineering approaches to the environment and legislation. Healthcare providers caring for children play a leading role in injury prevention through child and family counselling, advocacy and research. primary outcome, and the effect size was calculated as 2.30 (95% CI 1.37-3.85). The authors concluded that community-based interventions increase observed helmet wearing; especially those that provide free helmets with an educational component. A systematic review of 16 studies found that all reported success in influencing helmet wearing, but none revealed enough detail of the mix or techniques used to replicate the interventions [7] .
The effectiveness of physician counselling in increasing children's bicycle helmet use has been examined in a national United States cross-sectional random digit dial telephone survey of approximately 2500 households with children [8 ] . Parents of children aged 5-14 years who reported receiving counselling were more likely to report that their child always used a helmet in the past 30 days compared with those without counselling (adjusted OR 1.96, 95% CI 1.28-3.00). Furthermore, the percentage of parents who reported receiving bicycle helmet counselling in this survey (2001) (2002) (2003) almost doubled as compared with a similar survey conducted in 1994. Physician counselling in the emergency department and office setting have demonstrated an improvement in reported helmet wearing in children receiving counselling as compared with those who did not [9] [10] [11] . Physicians may consider the following factors associated with increased helmet use: parents who have a strict rule about wearing helmets; bicycling with parents; bicycling with helmeted adults; bicycling with helmeted peers. Factors associated with reduced helmet use include: low (as compared with high) family income and male sex (as compared with female sex) [12] [13] [14] [15] [16] .
Many jurisdictions have introduced bicycle helmet legislation, the effectiveness of which has been examined in a systematic review of 11 studies from Australia, Canada and the United States [17] . All studies demonstrated an increase in helmet use following legislation, with a range of OR from 1.2 to 22. Legislation was especially effective among younger age groups and in those communities with low preintervention helmet use (which ranged from 4 to 59%). A Cochrane Systematic Review of the effectiveness of legislation included five studies, from Canada and the United States, and demonstrated an increase in helmet use and a decrease in head injuries [18 ] . In a United States national cross-sectional telephone survey of bicycle riders under 16 years, helmet use was found to be associated with the presence of a state law (OR 2.65, 95% CI 1.29-5.44) [19] . Additional studies have suggested that legislation reduces bicycle-related mortality [20] ; is cost-saving in children [21] ; does not reduce children's bicycling activity [22] and that the positive effects are sustained through police enforcement [23] . There remains debate in the literature regarding the scientific evidence for the effectiveness of legislation [24, 25 ] .
Few nonhelmet interventions have been evaluated for improving children's bicycle safety. Two studies examining the effectiveness of school-based safety education were unable to demonstrate an improvement in bicycle skills or a reduction in risk of bicycle injury [26, 27] . There have been no studies assessing the effect of visibility aids on bicyclist-motor vehicle collisions and injuries [28] . Other strategies such as separating bicyclists from motor vehicles warrant further study [29, 30] .
Prevention of skiing and snowboarding injury
Over the past decade, studies from Canada and the United States have identified the burden of head and extremity injuries for children and adolescents participating in winter sports. Of all reported injuries during one season at a major ski resort, the highest injury rate was among children and adolescents (approximately three significant injuries per 1000 skier days) [31] . The most frequently reported injuries are head injuries (19%), knee injuries in skiers (23%) and wrist injuries in snowboarders (28%) [32, 33] . For children 3-12 years of age at one ski centre, injured skiers (compared with uninjured skiers) were more likely to have a low level of skill (adjusted OR 7.54, 95% CI 2. 57-22.15) , rented ski equipment (adjusted OR 7.14, 95% CI 2.59-19.87), and ill-adjusted bindings (OR 2.11, 95% CI 1.02, 4.33) [34] .
Amongst skiers and snowboarders of all ages admitted to one trauma centre for head injuries, skier-tree collision was the most common mechanism for head injuries [35] . Among children hospitalized for a ski or snowboard injury, mechanisms include ground-level falls (50%), collision with trees (18%) and falls from a ski lift (13%). Leading injuries include head (20%), femur fracture (18%) and concussion (11%) [36] . Downhill skiing injury fatalities in children less than 18 years comprised 14% of all skiing fatalities from ski resorts in Colorado. Traumatic brain injuries were the leading cause of death (67%). Collision was the mechanism in two-thirds of fatal injuries [37] .
The effectiveness of helmets in skiers and snowboarders less than 13 years of age was evaluated at a major ski resort in British Columbia. Of children evaluated for head, neck or face injury, 70% were not wearing a helmet and were at increased risk for injury (adjusted RR 1.77, 95% CI 0.98-3. 19 ). Helmet use did not increase the risk of cervical-spine injury [38] . Two recent case-control studies have identified the protective effect of helmets in skiers and snowboarders of all ages. In a study from 19 ski areas in Quebec, the adjusted OR for helmet use was 0.71 (95% CI 0.55-0.92), indicating a 29% reduction in the risk of head injury, and for those with more severe injuries it was 0.44 (95% CI 0.24-0.81) [39] . In another study from eight Norwegian ski resorts, head injuries accounted for 18% of injuries, with a higher risk for snowboards compared with skiers (adjusted OR 1.53, 95% CI 1.22-1.91). The adjusted OR for helmet use was 0.40 (95% CI 0.30-0.55), indicating a 60% reduction in the risk of head injury, and for those with more severe injuries it was 0.43 (95% CI 0.25-0.77) [40] . There is no evidence that helmet use in skiing and snowboarding is associated with riskier activities leading to injuries to other body regions [41] . Rates of wrist guard use by snowboarders were low at less than 5%. Wrist guards appear to reduce the risk of hand, wrist and forearm injuries by 85% (adjusted OR 0.15, 95% CI 0.05-0.45), but may increase the risk of elbow, upper arm and shoulder injuries (adjusted OR 2.35, 95% CI 0.70-7.81) [42] .
Prevention of playground injuries
Data from the US National Electronic Injury Surveillance System provides estimates of 211 000 injuries per year treated in emergency departments, with 17 deaths annually from playground injuries [43] . Among the nonfatal injuries, 70% are attributable to falls, 39% are fractures, and 8.5% are traumatic brain injuries. The school playground is the most common location, accounting for 39% of all injuries [44] . A New Zealand study estimated 137 children per 100 000 were hospitalized annually for playground injuries, 48% for upper limb fractures and 26% for traumatic brain injury [45] .
Four studies have used a case-control design to assess the risk factors for playground injuries using injury outcomes. Mowat et al. [46] compared cases (playground injuries) with controls (nonplayground injuries and medical emergency department patients) and found strong associations between the occurrence of playground injuries and the use of inappropriate surface materials (OR 21), appropriate materials of insufficient depth (OR 18.2), or inadequate guardrails (OR 6.7). Macarthur et al. [47] compared cases (severe playground injuries, AIS 2) with controls (less severe playground injuries, AIS <2) and found a two-fold risk of severe injury for fall heights over 150 cm, with no significant effect of surfacing largely because the surfacing was markedly inadequate in depth in both groups. Laforest et al. [48] directly measured the impact absorption and determined that for surfaces exceeding 200 g head acceleration on drop testing the injury risk was three times higher than for surfaces with peak accelerations of 150 g or below. Further, injuries were 2.5 times more likely to occur when equipment was 2 m or higher compared with 1.5 m or lower. Finally, Fiissel et al. [49] compared cases (fractures from playground equipment falls) with controls (fractures from playground falls from standing height) and calculated that the odds of a severe injury (a fracture requiring manipulative or operative reduction) were 3.9 times higher for equipment-related injuries than for standing-height falls on the playground.
Roseveare et al. [50] conducted a randomized trial of 24 school playgrounds in New Zealand. Twelve playgrounds received a report about hazards on their playground and the other 12 received the same report with engineering recommendations and assistance in obtaining funding. Outcomes measured were hazards as identified in a later survey (rather than actual injury rates); hazards had been corrected more often in the intervention group. Howard et al. [51] assessed the effect of a large-scale school playground equipment removal and replacement programme in Canada using a prepost design with a control group. Removal of noncomplying equipment and replacement with equipment complying with standards reduced the number of injuries reported by 50%. Educational interventions designed to teach children safer play behaviour have been reported to change children's reported intentions about dangerous play, but have not been studied with injury outcomes [52] .
Prevention of pedestrian injuries
Child behaviour has been a popular target for pedestrian injury prevention programmes. There are 14 randomized trials of child pedestrian education programmes summarized in a systematic review [53] . Of these trials, only six had behaviour as an outcome (rather than knowledge) and none had injury rates as an outcome. All trials were done in high-income countries. The conclusion of the systematic review was that education programmes could change child road crossing behaviour, but there was no evidence that this has translated into reductions in injuries.
It has been suggested that design or modification of the road environment may be a more powerful means of reducing child pedestrian injury. These have been referred to as 'traffic calming', which includes engineering measures such as lane narrowing and speed bumps. Three systematic reviews regarding traffic calming or environmental modifications exist. The highest methodological standard is controlled before and after studies, and some systematic reviews included lower-quality designs as well. Pedestrian injury rates were the outcome of interest. Elvik [54] examined 33 studies of area-wide traffic calming and concluded that reductions in pedestrian injuries were 25% for neighbourhood roads and 10% for major roads. Retting et al. [55] examined speed control, separation and visibility interventions and found reductions in pedestrian injury rates of 50-75% in specific locations and 25% area-wide. Bunn et al. [56] performed the systematic review and meta-analysis of 16 controlled before-after studies. The pooled estimate of pedestrian fatality reductions was 37% and injury collision reductions were 11% after area-wide traffic calming schemes. There is clear evidence from these three systematic reviews that physical environment modifications actually work to prevent pedestrian injuries. These systematic reviews included all ages of pedestrians, but are supported by risk factor and intervention studies specific to children. Roberts et al. [57] performed a case-control study, which found that child pedestrian injury risk was strongly influenced by high traffic volumes (OR 14.3), high-density curb parking (OR 8.12), and vehicle speeds over 40 km/h (OR 2.68). Tester et al. [58] performed a case-control study and estimated that children who lived within a block of a speed hump were at a 53% reduced risk of pedestrian injury compared with those who did not.
Other improvements to the built environment, such as provision of more safe places to play, have also been associated with decreases in child pedestrian deaths [59] . A systematic review of community-based programmes included four studies, which demonstrated a 12-54% reduction in pediatric injuries [60] .
Conclusion
The science of injury prevention has advanced considerably. The highest level of evidence, including systematic reviews, is now available regarding the effectiveness of protective measures, engineering approaches to the environment, and legislation. Specifically, there is sound evidence for the effectiveness of bicycle helmets, the promotion of bicycle helmets at a community level and through physician counselling, and legislation; for the effectiveness of helmets for skiing and snowboarding; for the effectiveness of implementing playground safety standards; and for the effectiveness of modifications to the pedestrian physical environment. Healthcare providers caring for children play a leading role in injury prevention through child and family counselling, advocacy and research.
